SUMMARY Twenty-one patients were studied in whom ventricular preexcitation (VP) had been recorded in the past and had later disappeared, indicating antegrade block in the accessory pathway (AP), either spontaneously (10 patients) or under the effect of chronic treatment with amiodarone (11 patients). VP reappeared in nine cases during vagal stimulation, and in five cases during an i.v. isoproterenol infusion. Retrograde conduction over the AP was studied in four of the remaining seven patients and was found to be present in three and absent in one. Although these patients differ from the ordinary patient with concealed AP in that antegrade preexcitation had been demonstrated in the past, this study suggests that concealed VP may result from the following mechanisms: 1) an extremely prolonged refractory period in the AP, causing a ratedependent VP that can be identified during vagal stimulation; 2) a rate-independent depression of antegrade conduction that can be reversed by isoproterenol; 3) a depression of conduction that is apparently no longer reversible. Only in the latter case is a study of retrograde conduction needed to identify the concealed VP. 1030 great prolongation of refractoriness and 2) a full depression of antegrade conduction, indicating that the safety margin for conduction is much narrower in the antegrade than in the retrograde direction. In the first instance, sufficient slowing of cardiac rate should reestablish antegrade conduction, as was the case in nine patients in whom VP was absent during sinus rhythm. In the second instance, we reasoned that the administration of a drug known to improve conduction, e.g., isoproterenol, could also restore antegrade conduction, as was true in five other patients. These observations indicate that simple, noninvasive maneuvers may uncover the existence of VP, and may elucidate mechanisms of so-called concealed preexcitation.
A REMARKABLE advance in the knowledge of the Wolff-Parkinson-White syndrome (WPW) was the demonstration that an accessory pathway (AP) is capable only of retrograde conduction, and that under such conditions, arrhythmias occur without electrocardiographic evidence of ventricular preexcitation (VP) .1 10 This has been termed "concealed or latent preexcitation ' 2or "concealed WPW,"4 as well as "concealed bypass"', or "concealed AP. If an AP is capable only of retrograde conduction, this may be related to two possible mechanisms: l) a great prolongation of refractoriness and 2) a full depression of antegrade conduction, indicating that the safety margin for conduction is much narrower in the antegrade than in the retrograde direction. In the first instance, sufficient slowing of cardiac rate should reestablish antegrade conduction, as was the case in nine patients in whom VP was absent during sinus rhythm. In the second instance, we reasoned that the administration of a drug known to improve conduction, e.g., isoproterenol, could also restore antegrade conduction, as was true in five other patients. These observations indicate that simple, noninvasive maneuvers may uncover the existence of VP, and may elucidate mechanisms of so-called concealed preexcitation.
Material and Methods

Patients
Twenty-one patients with WPW were selected on the basis of having at least one previous ECG showing VP and recent tracing in which the VP pattern had disappeared either spontaneously or due to amiodarone, a drug known to depress conduction in the AP.14-16 Table 1 summarizes the main clinical and electrocardiographic features. The eighth column refers to the time before study that an ECG showing VP was recorded (range 3 months to 20 years, average 50 months), and the next column describes the time before study when the ECG no longer showed VP (range 2 months to 5 years, average 25 months). In 10 patients the VP pattern disappeared spontaneously, and in the other 11 only after antiarrhythmic therapy with amiodarone. Disappearance of VP was sustained during all the time described in the ninth column, as verified in three to 35 ECGs (average 12) recorded from each patient during such interval (last column). Although higher doses of amiodarone were administered initially, the dose indicated in the table was the one the patient was receiving at the time of the UNMASKING VENTRICULAR PREEXCITATION/Przybylski et al. UwkAA. kc Ms VX -P-y I tinuing the infusion until the recorded changes returned to control conditions. In four of the seven patients in whom antegrade conduction over the AP was not restored by the preceding maneuvers, retrograde conduction was studied according to techniques reported by others.'-" [8] [9] [10] [11] [12] [13] In all cases in which VP reappeared, attempts were made to determine the duration of refractoriness in the AP. Conduction over the AP was uniformly ratedependent. The antegrade refractory period of the AP was defined as the longest RR interval at which conduction failed in the AP and occurred only over the normal pathway. This measurement is equivalent to those previously reported by using the extrastimulus method at different cycle lengths. '5 17 In the present case, however, because refractoriness was extremely prolonged, application of the extrastimulus method was not possible because the critical cycle length separating conduction from block in the AP was always longer than the spontaneous cycle length of each patient. For similar reasons and due to the unevenness of the vagal effects, control of the "preceding cycle length" was not possible. Therefore, in this study refractoriness was a gross measurement of the duration of recovery in the AP.
Results
Effects of Vagal Stimulation
A typical VP pattern was recorded during vagal stimulation in nine of the 21 patients, at RR intervals of 930-1430 msec (table 2). Table 2 whom the provoked pauses were 760-1100 msec, the question remains whether conduction over the AP would not occur if longer RR intervals were induced. Figure 1 shows a representative example of vagal stimulation favoring reappearance of antegrade conduction over the AP. The first two beats show normal conduction (block in the AP) at a cycle length of 940 msec. During vagal stimulation, reappearance of VP occurs after pauses of 1300-1800 msec (third to fifth beats), and when carotid sinus massage is discontinued (arrow), the last two beats again show normal conduc- tion after pauses of 1240 and 1120 msec, respectively. From this simple strip, refractoriness in the AP can be estimated at 1240-1300 msec, and it is clear that if pauses of the latter magnitude were not obtained, conduction over the AP could not be documented and the erroneous impression would be maintained that antegrade block in the AP was permanent. Figure 2 shows that the duration of refractoriness in the AP of these nine patients was 920-1420 msec. Two practical consequences can be derived. If pauses of such magnitude are not provoked in patients assumed to have concealed preexcitation, exploration of conduction over the AP is incomplete. Second, if VP does not occur after pauses of 1400-1500 msec, it is unlikely to occur at any other cycle length. Refractory periods longer than 1500 msec in the AP may eventually occur, but are probably uncommon.
Effects of Isoproterenol
Isoproterenol was administered only to the 12 patients in whom vagal maneuvers failed to reestablish conduction over the AP. During the infusion, conduction was restored in five of the 12 patients after pauses of 540-1040 msec (table 2). In three of these five subjects the duration of refractoriness in the AP was 540-1020 msec ( fig. 3) , while in the other two (patients 11 and 12), refractoriness could not be measured because it was shorter than the minimal RR interval during the isoproterenol infusion (540 and 580 msec, respectively). Refractoriness was clearly shorter in the five patients in whom conduction reappeared during isoproterenol administration than in the nine patients in whom conduction was restored by vagal stimulation alone. Figure 4 shows one of the isoproterenol studies. The upper strip shows normal conduction (block in the AP) at a spontaneous cycle length of 800 msec. During vagal stimulation (arrow), conduction is still normal after pauses up to 3200 msec. The three following strips recorded during the isoproterenol infusion show that VP occurred after pauses of 1040-1440 msec provoked by vagal stimulation (arrows). Two junctional escape beats are also shown. The two lower strips were recorded 3 and 10 minutes after discontinuation of the infusion; at 3 miinutes, conduction over the AP occurred only after pauses of 1570-1600 msec, while at 10 minutes, conduction was again blocked, with return to the control conditions.
Retrograde Conduction
Retrograde conduction over the AP was studied in four patients in whom vagal stimulation and isoproterenol failed to restore antegrade conduction (cases 17, 18, 19 and 21 Catecholamines may improve conduction in depressed tissues by restoring a membrane potential reduced by stretch, hypoxia or toxic concentrations of ouabaine,36' 3 and reverse the depressed conduction caused by toxic doses of procainamide and quinidine.38 The former effect has also been documented in human atrial tissue.39 A general improvement of conduction has also been shown to occur in the intact dog40 and in the presence of abnormal intraventricular conduction in the human.4' 42 It is then natural to assume that in patients 13 and 14, in whom antegrade conduction in the AP was blocked even after extremely prolonged pauses (suggesting that block was due to a depression of conduction and not to a prolonged refractory period), the restoration of conduction caused by isoproterenol was probably due to a hyperpolarizing effect on a depressed AP. In patients 10, 11 and 12, in whom vagal stimulation did not provoke sufficiently long pauses, a greatly prolonged refractory period cannot be ruled out and, accordingly, it is also possible that isoproterenol restored conduction by shortening refractoriness. Isoproterenol may shorten refractoriness in both normal and depressed cardiac tissues,40 42 and it is then reasonable to assume that a number of patients who have resumed conduction in the AP during vagal stimulation would also have resumed conduction with isoproterenol. A shortening of the refractory period of the AP in three patients with WPW after the i.v. administration of 0.5 mg of orciprenaline (metaproterenol) has also been reported.43 Implications Our study allowed us to identify different groups of patients depending on the physiologic properties of the AP. One group included nine patients in whom the AP showed antegrade block that was rate-dependent and related to an extremely prolonged refractory period. These cases can be readily demonstrated by an appropriate slowing of the heart rate. A second group included at least two and probably three other patients in whom antegrade block was apparently rateindependent, but still reversible with isoproterenol. A third group included three patients in whom antegrade block was apparently irreversible, while retrograde conduction was preserved. 
